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PREFACE

This effort was conducted by R L Feik in association with the
State University of New York under the sponsorship of the Rome Air
Development Center Post-Doctoral Program for the Defense Communications
Agency. Mr. R. I. Hughes of the Defense Communication Engineering
Center, DCA was task project engineer and provided overall technical
direction and guidance.

The RADC Post-Doctoral Program is a cooperative venture between
RADC and some sixty-five universities eligible to participate in the
program. Syracuse University (Department of Electrical and Computer
Engineering), Purdue University (School of Electrical Engineering),
Georgia Institute of Technology (School of Electrical Engineering),

and State University of New York at Buffalo (Dept. of Electrical

Engineering(_act as prime contractor schools WITtH SERET StHO0IS

pParticipating via sub-contracts with the prime schools. The U. S.
Air Force Academy (Dept. of Electrical Engineering), Air Force
Institute of Technology (Dept. of Electrical Engineering), and

the Naval Post Graduate School (Dept. of Electrical Engineering) also
participate in the program.

The Post-Doctoral Program provides an opportunity for faculty
at participating universities to spend up to one year full time on
exploratory development and problem-solving efforts with the post-
doctorals splitting their time between the customer location and
their educational institutions. The program is totally customer-
funded with current projects being undertaken for Rome Air Develop-
ment Center (RADC), Space and Missile Systems Organization (SAMSO),
Aeronautical Systems Division (ASD), Electronic Systems Division .
(ESD), Air Force Avionics Laboratory (AFAL), Foreign Technology
Division (FTD), Air Force Weapons Laboratory (AFWL), Armament
Development and Test Center (ADTC), Air Force Communications
Service (AFCS), Aerospace Defense Command (ADC), HQ USAF, Defense
Communications Agency (DCA), Navy, Army, Aerospace Medical Division

(AMD), and Federal Aviation Administration (FAA).




Further information about the RADC Post-Doctoral Program can be
obtained from Jacob Scherer, RADC, telephone AV 587-2543, Commertial
315-330~2543.

The author wishes to thank Mr. Hughes, Mr. Bugg, and Mr. Dunn,
all of the DCEC, DCA for the continuing support, and the Mr R. H.
Levine Assistant Director of the DCEC, for his interest, direction,
and guidance. Thanks also go to Mr Weill and Mr Belford of the DCEC
for their interest and suggestions during this test.

Special thanks must go to the Digital Transmission Evaluation

Project (DTEP) and the Army personnel at Ft. Huachuca, Az. for the

excellent support for this test.
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Introduction

This report describes a special test conducted at Ft. Huachuca,
Arizona, September 19th, through October 7, 1977. The objective of
the test was to validate a new concept derived during a DCA Tech-

nical Evaluation Program (TEP) analysis contract effort. The work

was described in Research Report 1-77, dated May 15, 1977, and was ,#F
titled Technical Evaluation Program Analysis Procedures (TEPAP), '/

The basic concept, as originally expounded in the Technical
Evaluation Program Analysis Procedures, stated that it was pos-
sible to measure the link idle channel noise (by PMP procedures)
at any fortuitous baseband loading. Then using a special set of
curves, extrapolate the idle channel noise that the link would

provide were the link raised to full baseband loading. That is,

the lightly loaded radio idle channel noise measurement is trans- E

formed into an 'Equivalent Full Load Idle Channel Noise' reading.

There were several matters addressed during the formulation
of the above concept that had been resolved empirically based
upon data available in existing TEP reports. It obviously was

desirable to refine the concept by direct measurements.

This special test was designed to produce such a curve from
straightforward standard test procedures such as those conducted
during the DCA TEP. Such a curve has been produced, and the basic

concept validated.
A Test Approach

. The test duration was limited by several factors: time;
money; test hardware and equipment; and personnel availability.
It was decided that a three week test period was the best compro-
mise among all factors. The first week was allocated to optimize
all radio and mux hardware, to measure initial conditions, and to
perform and refine the needed special measurements. The last two

weeks were allocated to conduct the test. The test generally fol-

lowed this schedule.




B Test Support

The Army elements at Ft. Huachuca, assigned to support this
test, provided all possible help. All the 'normal’ impediments
of all field tests were present, such as, test equipment failure,
test bed equipment problems, spare parts in limited supply, and
one special effect - a lightning hit on the test bed prime power
line. The Army response was all that could be desired. The num-
ber of people who contributed to the successful completion of the
test were numerous, but these few were basic to the accomplishment
and should receive specific mention. Mr. Pat Connell, CEEIA, test
coordinator for the Army contributed greatly. The test could not
have been completed without his active and full time management
and technical support. Mr. Gail Query and Sgt. John Peacock, of
the DTEP test bed worked hard to instrument and conduct the test.
Specialist Brian Carlon, of the 1lth Signal Group, worked long
hours to bring the test multiplex into acceptable test condition.
Mr. Lane, of the Fort calibration laboratory gave excellent support
on the test equipment problems. Mr. Ray Belford, of DCA-DCEC, was
the DCA observer, but he worked along with the assigned personnel
and contributed to the successful completion of the test. All of
these people played a considerable part in the successful test

completion.
C Test Bed Description

The actual facility used for this test was a part of the Digital
Transmission Evaluation Project (DTEP) at Ft. Huachuca, Az. where the
Army is conducting numerous tests, including several for the Defense

Communications Agency.

The in-place radio available for this test was the standard
DCS radio, FRC-162. This 8 GHz radio is one of the Digital Euro-
pean Backbone configurations. However, when the input and output

hardware needed to interface with the twelve megabit stream is by-

passed, the remaining elements are identical with the DCS standard
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FM radio - and functionally the same as all other FDM-FM configur-
ations in the DCS. The radios used in these tests were in-station
looped through attenuators. The input to the modulation amplifier
(J-45) is the 'normal' point where a multiplex is connected. The
output to the receive mux is the high level IF/demod output J-5,
The block diagram for the radio and the TLP's for these two points

is given in Figure I-1.

The bulk of the measurements were made on the radios alone
with the test equipment connected to J-45 and J-5. The audio-to-
audio tests were conducted in a slightly modified conventional con-
figuration. The final concept proof test configuration is portrayed

in Figure I-2,

The ideal test complex would not have needed the white noise
test set. However, the multiplex available at the test bed was
only 60 channels and the radio was 600 channels{ Thus, the white
noise test set was used to simulate the audio channel loading that
normally would have been placed through the multiplex. This un-
usual structuring of the hardware was technically acceptable and
also permitted measuring the loop NPR while the audio test was in

progress. Thus, the actual condition of the test compliment was

fully known.
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Preliminary Test Data

Much of the first week of the test was spent in realigning,
peaking, and characterizing the radio. Considerable work had been

done prior to the test team arrival, but some effort still remained.

Figure II-1, shows an early quieting curve taken by the Army
test bed personnel in anticipation of this special test. Several
conclusions can be drawn:

a. Comparison with Figure II-2, shows the very large recov-

ery of performance achieved prior to the test team ar-

rival. The test personnel clearly were energetic in
their efforts to place the radios in proper alignment.

b. Of equal, or perhaps more interest to DCA, is the very
considerable degradation that occurred in a solid state
digital radio.

The initial receiver quieting curve done by the test team on
receiver A, serial number 31A, is portrayed in Figure II-2. Clearly,
the fully quieted noise still is quite excessive in the 70 and 534
slots and too noisy in the remaining frequency slots. The FM thresh-

old is not proper, and the 70 KHz slot has no linear portion.

Figure II-3, displays the final properly operating receiver
with all problems corrected. The 5340 KHz slot does not quite
reach the proper fully quieted level - ie. slightly quieter than

the 2438 slot, however, the noise specs are still met.

Figure II-4, portrays the receiver IF bandwidth. The rippled
response is typical of all those measured, with a nominal band-
width of 25 MHz. It is clear that the out of band rejection is

not very sharp.

Figure II-5, displays transmitter linearity as measured at
several baseband frequencies. The five right hand curves repre-
sent the performance at the start of the test. After alignment,
the linearity is as reflected by the lines 2nd and 3rd from the
left of the chart. The linearity on all of the lines, except one,




was measured at 2 GC in accordance with the tech order. The line

at the extreme left is the linearity after final alignment, and
was measured at 8 GHz using a special non-standard test procedure.

Good linearity is obviously achieved.

Two NPR curves were run after completion of the preliminary
alignment, but before full "like new" performance was achieved.
Figures I11-6 and 7, show these curves. 9ne was run at 600 and
the other at 1200 channel loading. The radio is nominally a 600
channel radio, although the IF bandwidth could support more than
1200.

After full premium alignment, the NPR curve was as displayed
in Figure II-8. The radio could almost meet performance criteria

for either 600 or 1200 channels.

Figure II-9, shows the discriminator curves for two receivers.
These curves are typical of most radios maintained by competent
technicians - good but not proper. The full and proper alignment,
using broad 'Scope Creek' type experience, rather than the specific
tech order instructions, resulted in more than a 5 db gain in peak
NPR values. This proper alignment also moved the peak NPR value
from a baseband loading of about +10 dbm# to just above the full
DCA loading of +17.8 dbm@. This alignment entailed adjustment of
both the discriminator transformer primary and secondary in ad-
dition to the "tilt" and "bow" controls described in the tech
order. Tilt and bow are the only ones available through IF stage

covers.

6a
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Test Implementation
A SNNPR vs NPR

The standard NPR test is conducted in accordance with well
known procedures. The noise loaded bandwidth is held constant
while the noise power is varied s 15 db about the CCIR or DCA
full load figure. The NPR curve is normally portrayed as an in-
verted 'U', plotting NPR vs bhseband loading. This conventional
curve is used in two ways: to show the baseband loading at which
the curve peaks, and to portray the maximum value of the NPR. If
this maximum is 55 db or better and peaks at the full load value

or slightly above, the hardware is 'like new'.

Figure I1II-1, plots a modified version of the conventional
NPR data. The BINR asymtote is drawn. The logic behind the db
by db slope of the NPR curve at light loading is evident, and is
a result of the change of NPR "reference'" db by db.

Figure III-2, is an even more informative manner to display
NPR data so that the variable per channel loading, BINR asymptote

and NPR curve all are visible.

Figure I11-3, is a further presentation, derived from Figure
II1I-2. This curve is constructed starting from the full load NPR
parameters of per channel loading, and BINR. The actual BINR is
hardware related, is constant and represents the noise floor of
the hardware. Therefore, it is possible to plot the BINR at 64
db in this example. The NPR related curve (defined as signal
to Noise Noise Power Ratio =-SNNPR) can be plotted in db above BINR.
The fact that in the NPR case the variable loading comes from vary-
ing the per channel loading and in the SNNPR the changed loading
results from constant per channel but variable bandwidth, makes

no difference to the radio.

16




This SNNPR constant per channel loading curve can be derived
as shown above simply from the standard NPR curve. This curve may

also be measured directly using the standard white noise test set

as described just below in this report. 4

The standard white noise test set comes with a selection of ;
filters. Those used for these tests, and the standard noise meas- ;
urement slots are shown in Figure III-4. The baseband loading could
only be varied from +7.3 to +24,0 dbm@, while holding the per chan-

nel loading constant. In some filter configurations such as the

R R R

+7.3 loading only the 534 slot can be used to assess the intermod-

ulation. This unavoidable fact explains why at light loading all

baseband slots cannot be measured and plotted. The baseband load-

ing above +21 dbm¢ are only generally indicative and are not at

all precise, because of instrumentation and hardware bandwidth

problems.

The test procedure used to measure the data for the new curve
is generally the same as for a conventional NPR, with only the
noise bandwidth and constant per channel loading matters changed.

{ The new procedure requires only slightly more time to conduct.

During the test period at Ft. Huachuca, two independent in-
station looped links were available. TA to RA was used as the
variable and TB to RB was held in 'like new' condition as a con-
trol. Several times during the test sequence and at the termin-
ation of the tests, TA to RA was returned to 'like new' condition
to assure that the degradations being characterized were in fact
those introduced intentionally, and that no faults or accidehtal

troubles appeared.

Figure II-8, is the conventional NPR presentation for the
test radio. Figure III-5, is the measured constant per channel-
variable bandwidth equivalent curve plot. This latter curve is
called the signal-to-noise NPR portrayal. For the balance of the
report, NPR means the conventionally derived data. SNNPR means

intermodulation data gathered in the special constant per channel

17




loading level manner. This latter curve is the one that was taken
on the TA'RA and represents the "like new" SNNPR. This is the stan-
dard against which the degraded SNNPR's must be compared.

It is important to note that NPR and SNNPR are identical at
one point. At the standard DCA full load, the per channel load-
ing and loaded bandwidth is the same in both testsyat that point
and only that point. Thus, the NPR can be directly read at the
full +17.8 dbm@ point on the SNNPR curve.

It is informative to examine each SNNPR curve in isolation
to observe characteristics associated with the various degrada-
tions. It is more useful, in connection with this special test
concept, to view on one chart the several SNNPR curves resulting
from the highly varied and divergent degradations introduced.
Such a composite figure was prepared and is presented at the
termination of the series of graphs portraying each individual

degradation.

B SNNPR vs Degradation

In order to portray the changes that occur in the SNNPR curves
as the link degrades, a series of SNNPR curves were run at various
degradations.

Two classes of problems can be present in a link, Amplitude

distortions can appear in the transmitter modulator, receiver dis-

criminator, or amplifiefs sections., Phase distortions can show
in tuned circuits in the RF and IF, in wave guide and antenna
elements, and in the propagation path. 1In this test, the phase
distortions were entered in the IF bandwidth determining filters.
The IF shaping filter was mal-tuned to create ripple in the band-
pass. One test was run with a 6,7 MHz IF filter vs the normal
25 MHz,




The amplitude non-linearities were actually injected into
the discriminator by 'bow' and 'tilt' adjustments because of ease
of entry and repeatability. After the radio had been placed in
"like new" condition, the bow and tilt controls were used to intro-
duce known degradations, and later the radio returned to the orig-
inal like new performance levels. Figures III-6,7, and 8, display
three increasing degradations injected only by "bow." Figures
III-9 and 10, portray the SNNPR deteriorations due only to tilt
mal-ad justment., Figure III-11, shows the extreme variation in a
combination of bow and tilt.

Since in real life it is unlikely that one single deterior-
ation only would be present, a curve was derived with a combination
of bow and tilt. The NPR selected was 42 db at full DCA loading.
Figure III-12, shows the SNNPR curve for this composite, ‘typical’
degradation.

This composite 42 db NPR degradation was the deterioration
present in the radio when the audio-to-audio tests were run to
prove the operational suitability of the basic 'Equivalent full
load idle channel noise' concept.

Figure III-13, is an example of phase distortion. In this
case, the distortion was caused by introducing excessive ripples
into the receiver IF filter. The IF phase response is shown on
the insert.

The NPR values at full baseband loading vary from 51 db in the
70 KHz slot to 39 db in the 2438 slot. The average value would be
42,6 db using picowatt averaging. It is of little operational
import that the noise in the frequency slots is different, the
ICN of the channels, averaged across the baseband would approxi-
mate the value achieved if all the slots were -42,6 db as produced
by amplitude degradation.

The important observation is that the phase distortion curves
have the appropriate shape. For example, in Figure III-13, the 70
KHz slot has an NPR of 51 db, and it is shaped the same as the
amplitude non-linearity curve derived by discriminator mal-adjust-
ment to a 51 NPR. Similarly for the other slots.

19




Figure III-14, is the SNNPR curve taken with the 6.7 MHz wide
IF. The average NPR is 37.5 db, Clearly, the effect of phase and
bandwidth difficulties are quite different from those of amplitude
non-linearities. Equally obvious, is the easy identification of
phase problems, evidenced by the spread of the various frequency
slots. The channel noise averaged across the baseband would ap-
proximate that of a -37.5 db NPR radio, and would evidence a high
disparity between low and high baseband frequency channels.

In general, the amplitude distortion curves parallel each
other and behave predictably. There is one point of note, although
not of major importance. All bow introduced degradations are par-
allel and have a general concave downward shape. The extreme tilt
related problems produce SNNPR curves slightly concave up at light
baseband loadings.

Figure III-15, portrays all of the amplitude distortion curves
on a single graph. The phase distortion SNNPR curves are not plot-
ted on the graph to reduce the confusion. All of the curves rep-
resent the 534 KHz mid slot SNNPR curves, and approximate the curves
that would be used in operational use.

All curves were run on the TA -RA pair except the 61 NPR value.
This curve was the result of premium alignment of all adjustments.
All combinations of A&B transmitters and A&B receivers exceeded
59 db NPR, proving true quality alignment and ruling out compen-
sating adjustments. Obviously, holding 55 db NPR in operational

use should be easy.

There is one matter unresolved at higher baseband loading
levels - above +21 dbm@. Test equipment constraints precluded
proper noise bandwidth limitations. Thus, at “full" load unre-
stricted by filters, the Marconi white noise test set has a 2 db
bandwidth of 18 MHz. Thus, the transmitter load is a very wide
noise spectrum. When this happens, the radio alarms trigger. The
per channel loading then was reduced several db.




When this wide band signal,reduced somewhat in bandwidth in
the transmitter, progresses through the receiver, it emerges with
a 3 db bandwidth of 10.9 MHz - a loading of +24 dbm@. Time, in-
strumentation, and test objectives did not permit in depth analysis
of this peculiar loading. This information is given to explain
why the SNNPR curves above the +21 dbmf@ loading are only generally
indicative of the proper behavior, and are not usable as precise

measurements.

This SNNPR concept was designed to detect links where the
apparently 'green' ICN readings were due to light loading and not
to proper alignment. 1In operational use, baseband loadings more
than 3 db above full load will always result in noisy channel per-
formance, and the baseband loading by itself is clearly indicative
of the problem. Thus, measurement questions above +21 dbm@ are

not considered significant to validation of this concept.
C Construction of Baseband Loading vs ICN vs NPR Curve
1 Multiplex Curve

Now that the radio SNNPR curves for a variety of degradations
are available, the next step in the construction of the desired
baseband loading vs ICN vs NPR curve can be accomplished. Theoret-
ically, a baseband loading vs channel noise for the test multiplex
should have been run, but time and hardware availability did not
permit. However, this imposes little hardship, since TEP teams
had prepared such curves on several types of equipment. The re-
sultant curves were within measurement accuracy, identical. Figure
II1-16, shows the IM and BINR contributions and the composite mux
noise response. The BINR routinely runs -66 to -70 dbm@, 3 KHz
weighted, (In some DCS stations, the 3 KHz ICN readings are more
degraded to -60 to -62 dbmf@, because of low frequency hum at 60,
120, 180, or 400 Hz. At these sites C msg readings are used arith-
metically corrected to 3 KHz). The Intermodulation in the mux is
consistent among the multiplexers and is as portrayed. The con-
cave up shape at high baseband loadings reflects the response to
built-in limiters.

Thus, the standard mux curve is used for this special test.
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2 Radio Curve

A special audio-to-audio test was run to prove that the SNNPR
theory and practice agree in the field. The special test was set
up using degradations introduced by both bow and tilt. Since the
actual SNNPR could be measured easily during the audio measurements,
specific curve data was gatheréd during the audio end-to-end test.
Figure III-17, shows the resultant curve.

Note that the general shape of the curve is the same as all
the other's SNNPR. Thus, it is obvious that the special test con-
figuration had 1little affect on the curves. The actual measured
NPR status of the radio was 44 db during the proof test - a de-
gradation quite often encountered in field DCS links.

3 Composite Curve Construction

The generation of the composite baseband loading vs ICN vs
NPR curve is simple, and entails only the appropriate db graphical
addition of the multiplex and the radio curves. At the 55 db NPR
(55 db SNNPR) point no special concerns are involved. The construc-
tion of lower value SNNPR curves will be discussed later.

Had the test configuration been 'proper', that is, had the
radio been 'like new', and the multiplex quiet, the 55 db SNNPR |

curve would have been constructed as follows: |

a. Plot graph scales and recall in this example ICN=NPR+10 db
b. Plot the mux composite curve with BINR=-65 dbmf

¢. Plot the average radio SNNPR curve = 55 db NPR

d., Add the two curves graphically using picowatt addition.

See Figure III-18.

Unfortunately, during the proof test, the multiplex was noisy,
although there did not appear to be any significant increase in
intermodulation. Thus, to prove the correlation of the composite
S/N curve with the actual audio channel noise performance, during
the test an accomodation was required. This adjustment was a re-

plotting of the mux BINR curve to the actual measured value.
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This does not change the procedures, but does require the
graphical addition of three curves (radio SNNPR + mux BINR + Mux ™).
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Test Results

After the ahove described various SNNPR performance curves
were completed, there remained the final and basic portion of the
test. This basic test was the operational audio~to-audio test) to
show that the link ICN varies with baseband loading and SNNPR as
predicted by the dervived curves, The results of the proof test are
displayed in Figures IV+1, IV-2, and IV-3. The baseband loading
was set at 'no load', +7.4, +13.6, +17.4, +21.0 dom@, and the idle
channel noise of the end-to-end audio channels measured and av-
eraged. The results are in agreement with those expected.

In the interest of achieving the most accurate data correlation,
the 70 KHz frequency slot SNNPR curve was used. This normally would
not have been required, except for two factors. First, the 'I‘A-RA
looped configuration had some noise in the low part of the baseband,
This may be observed in Figures III-5 and III-12, Had the 70 KHz
slot been normally quiet, it would have looked much like all other
slots and the 534 KHz slot would have been used. Second, the
special test setup incorporated a 60 channel mux with channels
extending only from 12 to 250 KHz, Thus, the channel ICN response
should most closely approximate the radio performance of the low
portion of the baseband, Were the 70 KHz slot like the others,
this second factor would have been unimportant. These two factors
combined to require the use of the 70 KHz slot SNNPR curve for most

accurate correlation.

The analysis of the test data also was a bit complicated be-
cause the ICN of the mux channels varied widely. Some were ob-
viously defective with noise in the low 40's. The best channels
were in the mid 60's, Thus, it was possible that use of all the
channels in the proof check, might obscure the desired results.

To categorize the multiplex channels, a special test was run. The
mux was connected through the radio in normal fashion, and the ICN
of all the channels measured with no baseband loading present,
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The channel noise was spread over a rather wide range. Sixteen of
the sixty channels had ICN values noisier than -53 dbm@ - obviously |
unusable. Thirty-eight channels were =60 dbmf) or noisier. Fifty-
five channels were -64 dbmp or noisier. As a result, three slightly 1

different analyses were conducted. The first proof test used most

of the channels, while ignoring only those with unloaded baseband
ICN -56.5 dbm@ or noisier. The mux channel noise averaged -59.8
dbm@, and the composite curve reflects this high mux BINR. In this
test, the ICN was averaged for the remaining 44 channels. See
Figure IV-l. The triangles plot the actual test measured values

at the five baseband loading levels. All measured values agree

¢ eyt .
within ='1.5 db of the curve predicted values.

In the second'case, Figure IV-2, 22 of the quieter channels,
-60.5 dbm@ or better, were used, and the composite curve redrawn
to reflect the quieter mux BINR. The agreement of all points was
within 2 1.5 db.

In the last example, Figure IV-3, only 5 of the 60 channels,
those -65.0 dbm@ or better were used. In this highly undersampled
case, ﬁith the mux BINR redrawn, all proof points are within 2 1.5

db again, except the 3.2 db overload condition that was +2.5 db.

No fully satisfactory explanation is evident to explain the
lack of appropriate measured and predicted ICN degradation at the
4 db overload position. It is possible that some unnoticed band
limiting in the special mux/noise test set input circuitry to the
transmitter, or some malfunction in the white noise test set filter
associated with this highest baseband loading, or other factors
effectively reduced the actual loading on the link by 1 db. If
this 1 db underloading occurred, the observed ICN values would
check within 2 1 db of the predicted values. Such explanation is
probably correct, but is not a demonstrable fact, However, the
baseband ovgrload condition is already an operational alert, and the
error unimportant. The - 1.5 db accuracy over the entire useful
operational fanéé of DCS loadinéé is adequate, has been demonstrated,

and is within normal field test measurement accuracy.
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Clearly, the test results agree quite closely with those ex-
pected. The unusual test configuration, excess cabling, extra
terminations, etc., did not appear to have much adverse affect

on the results.

Thus, it is reasonable to address the next question; how to

construct the operationally useful family of SNNPR curves.,

In order to view the whole baseband loading informative range
of values, a review of Figures III- 1 & 2, is helpful. It is clear
that at light loadings, the curves must be asymptote to the BINR
value. At heavy overloads, the asymptote is the per channel loading
signal level itself. Figure IV-4, displays this dual convergence
in the SNNPR format. Figure III1-15, shows the convergence in the

SNNPR curves in the loading range of interest.

Figure IV-5, displays the maximum spread of the SNNPR for the
various frequency slots at each introduced degradation value. It
is clear that the spread of slot values is reasonable. Figure IV-6,
is a plot of the 'average' of the various frequency slots. This
average approximates the 534 KHz slot for this test and the 534
slot will be used as the single average curve for the rest of this

analysis.

Figure IV-7, is an analysis of the shape of the SNNPR curves
over the range of interest. Since the NPR of a radio is specified
at full CCIR or DCA baseband loading, it is obvious that this full
load point is the unity reference. That is, a 5 db drop in NPR
at full load represents a 5 db change in the measured NPR value,
The SNNPR values are identical to the NPR values at this full load-
ing, so they too are db for db. At lighter baseband loadings of 7 db
below full load, for example, each SNNPR curve degrades, but 83%
(in db) of the amount measured at full load. Thus, a 5 db degra-
dation at full load results in a SNNPR change from 55 to 50 db.
This same 5 db degradation results in a 4 db drop of SNNPR perfor-
mance from 61 to 57 db at a loading of 7 db below full load. Sim-
ilarly, the degradation ratio is 89% at a baseband loading 3db
below full load.
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It is clear that SNNPR distortions in excess of 35 db are of
little practical use, since the major problems with the radio/mux
equipment would already be clearly evident, so no curves below
35 db NPR are examined further,

Figure IV-8, is a slightly smoothed family of SNNPR curves
from 55 to 35 db. It is recognized that at very extreme degrada-
tions, such as 25 db, the actual measured curves do not quite follow
the smoothed configurations. Measured values at +21 dbm@ or higher
were subject to known instrumentation and bandwidth difficulties.
The smoothed curves are estimated closer to expected values. This
is not a matter of great concern, since these two types of deter-

iorations are already Red-Red and are unambiguous.

Figure IV-9, is the combined radio plus multiplex link family
of curves, constructed as explained previously, and using the best
mux performance achieved during the test - that is, mux BINR of
-66 dbm@ as displayed in Figure III-16. A well maintained mux
BINR would be -70 dbmf.

An obvious operational question at this point would be to
examine this final composite SNNPR curve with regard to the actual
test data and to contrast the SNNPR with the present DCS PMP re-
porting. Figure IV-10, portrays the test data taken when only good
channels were used - that is, where channel BINR averaged -64.5
dbm¢. This figure portrays the degraded link operation with the
link measured NPR 42 db and the mux thus degraded. The ICN -61.5
dbm@ at a loading 10 db light would indicate an NPR of 41 db.

The extrapolated ICN would be -51.5 dbm¢. The actual measured ICN
was -52.3 dbm@ as plotted by the inverted triangle. The NPR agree-
ment is good and the mux noise introduces part of the 1 db error.
Clearly, the link is Red-Red. 1In the case of the present PMP re-
porting, the ICN of -61.5 dbm@ would be Green. Management clearly
would not get proper information from the PMP, and thus would
ignore a highly degraded link., The SNNPR status is correct to
within £ 1 db,
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Figure IV-11, portrays the test data taken where radio NPR was
still 42 db, and the multiplex BINR was heavily degraded, This was
accomplished by averaging the il channels with no load ICN of -59.8
dbm@ or quieter. The test bed ICN measured -57.5 dbm@ at the 10 db
light baseband loading. This measurement would extrapolate to an
ICN of -44 dbm@ at full load conditions and would indicate an NPR
of 34 db, The SNNPR clearly labels the link Red-Red. This link
is over-estimated, since the NPR degradation was 42 db and the ICN
measured -51.8 dbm¢, still, however, Red-Red. The error is 8 db
in NPR and 8 db in ICN. The PMP rating of -57.5 in contrast,
would only be a mid-Amber on DCS links, yet the link is very de-
graded. Even in this most extreme mux noise test case, rarely,
if ever, encountered in DCS operational use, the PMP approach fails
to strongly focus attention on a highly deteriorated path. The

SNNPR correctly alerts management.

When channel measurements are made at light loadings, the
SNNPR concept accurately assesses NPR degradations if the mux is
reasonable or better. If the BINR of the radio or mux is ex-
cessive, this fact is indicated by over estimating the NPR de-
teriorations. This effect is less pronounced as the BINR de-
gradations become less severe,and the resultant over-estimation

reduces to the normal b 1 db at all reasonable values.

The overall observation iss under no combination of path,
radio, of mux deteriorations, is it possible, using the SNNPR con-
cept, to miss detection of degradations or to under estimate a
severe problem. The SNNPR concept is inherently weighted to empha-
size the equipment basic noise problems, This is not considered
a bad feature, since basic noise is normally an equipment failure
related event and most often requires component replacement or

repair to preclude subsequent complete hardware failure.
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V

Proof of General Nature of SNNPR Concept
A General

It is clear from the above test data that it is possible to
specifically measure the SNNPR curves at several degradation levels
for a particular radio/mux combination, and to demonstrate close
correlation of extrapolated with measured ICN at full load baseband
loading. It is conceivable, of course, that with the relatively
limited number of radio and mux permutatuions in the DCS, the full
set of SNNPR curves could be measured on each combination. The
cost in time and money would be well justified, and would not have
to be repeated after one set of SNNPR curves for each combination
were available. However, it is obvious that it would be better
if the concept could be directly applied without the necessity for

additional special testing.

The author had access to a number of TEP reports. The graph-
ical approach outlined earlier was used to convert the normal NPR
data into a SNNPR curve, and to construct the additional SNNPR
curves representing degraded performance. As will be seen below,
the concept works well. In some respects, the agreement is better
than in the special field test case. This is proper since the
TEP data was all gathered in operational situations with no spe-
cial cabling or matching devices to distort or add noise even in

small amounts.

B Approach

A number of TEP reports, 1969 to 1973, were available to the
author covering GRC-182/VZ-12 and FRC-148/VZ-12 radio/mux combin-
ations, The GRC-182 Siemens-Halske FM8000 is a high quality tube
type radio of the early 1960's. The FRC-148 Philco LC-4, is a
solid state radio known for its mediocre quality. The VZ-12, is a
high quality Siemens-Halske tube multiplex. These results can be
compared with the high quality FRC-162 Collins radio used in the
field test.
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1 Siemens-Halske Radio and Multiplex

The Siemens-Halske GRC-182/VZ~12 TEP data was examined first,
and a proper NPR curve selected, that is with a smooth inverted 'U’
shape and peaking at 55 NPR at the full baseband loading. Recall
that the SNNPR curves must derive from a properly aligned radio NPR
curve or correct degradation estimates from 'like new' will not
be ascertained. Several good curves were available. The NPR curve

for the mid slot was selected, since it is the 'average' curve.

The NPR data was replotted in the form of Figure V-1. Thus,
the BINR data was recovered even though it was recorded only at i
full CCIR baseband loading. Once this data was available, the 55 f
SNNPR curve of Figure V-2, could be plotted. At full baseband i
loading of a proper GRC-182, the BINR was 64 db, and the SNNPR 2
was 55 db. Similarly, at O dbmf loading the NPR curve was 3.3 db |
noisier than the BINR (56.5 -53.2). Thus, SNNPR was plotted at
64 -~ 3.3 = 60.7 db. The balance of the 55 SNNPR curve was plot-

ted similarly.

The next step was to construct the 35 through 50 db SNNPR

curves. The logic displayed in Figure IV-7, was used to position
the four additional curves. Figure V-2, portrays the final radio

SNNPR curves.

The next step was to derive a mux BINR/IM curve. From work
performed earlier for DCA and at AFCS, the shape of the mux noise
curve was known and displayed in Figure I11-17. This curve was
rated full load at +17 dbmp. This curve was one of several with
differing full load values. They all had the same generic contour,
with the value of the combined BINR and intermod noise at full
baseband load 1% to 2% db noisier than the BINR. Thus, to use
this curve at any loading, the curve was displaced laterally
until the full load mux value was the same as the radio full
baseband loading. The BINR value of the VZ-12 mux was plotted
as -71 dbmP. This is a 'like new' reasonable value, although some
well maintained sets have BINR noise in excess of ~71 dbm@. Figure

V-3, shows the mux noise curve,
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The last step was to cambine the radio SNNPR and mux curves,
as explained earlier in this report - see Figure I111-18, The re-
sulting SNNPR curves as displayed in Figure V-4, represent the
theoretically derived SNNPR curves for the Siemens-Halske GRC-182/vZ-12,
derived from the standard NPR curve, with no special measurements re-

quired.

The basic question of course, wasy does the derived curve
bear accurate operational correlation to ICN values measured in

operation use in the field?

Figure V-5, shows eight TEP operational link measurements
plotted on the SNNPR curves. The vertical line represents the
spread of four (or six) values of link NPR's measured during the
TEP. There are routinely four NPR values measured resulting from
combinations of local receivers A&B, and remote transmitters A&B.

In some cases, two additional values are determined - that of remote

transmitters A&B with combined Receivers A+B, The small triangle

represents the actual idle channel noise measured over the link.
It must be noted that all NPR tests are conducted at full base-

band loading, thus all of these vertical lines should be plotted
at full CCIR baseband loading. The triangles are plotted at the

actual measured baseband loading. For visualization simplicity,

the NPR values were plotted with the associated ICN triangle, with
the NPR extent carefully preserved. In few cases, it is possible
to ascertain which transmitter and receiver were in operational

use when the ICN readings were taken, so precise correlation with

: a single NPR value was not possible. This hardware identification
| should be specified in future TEP efforts so that precise results
can be obtained - and to prove TEP data correlation as described

in the Technical Evaluation Program Analysis Procedures report.

Thus, the correlation is accomplished if the ICN's fall

; within the range of measured NPR values. Figure V-5, portrays the
operational TEP results. All operational results check well - with
one exception. In that one exception, the TEP report specifically
highlighted the very noisy mux. The mux ICN was measured during the
link outage to be high in the back-to-back mode. The noise showed
on the SNNPR plot as apparent excessive NPR degradation.

60




g
[
,t
!
:
|
i

l

E
:
b |
!
E

,,,,,,,, e e ——

Clearly, the Siemens-Halske radio/mux SNNPR curves prove rea-
sonable technical correlation and operational suitability. This is
not restricted to relatively well aligned links. One of the plots
(Bann, NPR 46) was the pre-TEP assessment taken in the early TEP
phases and prior to any alignment or adjustment. It is interesting
to note that in this example where the operational loading was full
load, the ICN gain was 5 db due to TEP. Had the load been 7 to 10 db
light, the ICN gain would have been 1 db or less. No wonder that
many mangement personnel fail to recognize the value of a proper

TEP effort. The SNNPR concept can ameliorate this management problem,
2 Philco Radio and Siemens-Halske Multiplex

The Philco FRC-148/VZ-12, TEP data was examined next, and a
suitable NPR curve derived. Since none of the ten NPR curves had
the proper maximum of 55 db and the appropriate slope above and
below the full load point, the resulting NPR curve was an average
of the reasonably close curves. See Figure V-6, Figures V-7,
V-8, and V-9, show the interim steps to construct the final SNNPR

curves as displayed in Figure V-10.

Figure V-11, displays the operational correlation data for
ten links as extracted from TEP reports. The four or six NPR value
lines and the small triangle to denote the idle channel noise over
the link, were portrayed as in the previous section. Again, all
values correlate very well except one. Langerkopf mux ICN measured
very high back-to-back during the TEP link outage, and this noise
swamped the link normal performance - the basic noise in the mux

caused excessive apparent NPR degradation.

Obviously this second radio/mux combination proved reasonable
technical correlation and operational suitability. This opera-
tional usefulness again was not restricted to well aligned links,
since six of the post TEP performance levels were below 50 db and

one as low as 41 db NPR.




C Operational Summary

As discussed above, correlation was proved in all cases where
the triangle plotted somewhere on the NPR value line. This is not
completely soul satisfying in those cases where the NPR line extends
from 41 to 54 db as in the Philco LC-4 Langerkopf example. The ICN
correlated with the poorest 41 db value. However, among the other
link cases, there were several where the variation among the measured
NPR's was only 2 or 3 db. Correlation in these instances clearly
proves technical and operational suitability. It does not matter
whether the NPR values are good or bad - the key issue is coincident
plotting. At least nine of the eighteen specific lin'. examples
prove correlation certainly to less than 2 db, although a more
precise figure might be justified. Such correlation was proved
over baseband loading values of 10 db below to 4 db above full load

conditions.

The remaining nine examples may be within 1 or 2 db, but such
accuracy cannot be proved by the divergent TEP NPR data.

Reference to the 'T.E.P. Analysis Procedures' report prepared
by the author for DCA, discloses that the empirically derived SNNPR
curves were useful to prove (or more often disprove) TEP measurement
correlation. The SNNPR concept permitted correction of errors and
generally proved more precise than the TEP measurements themselves.
Consequently, the thought arises as to the necessity of the TEP, if
the SNNPR approach were adopted. Quite obviously a SNNPR program ,
would surface most link problems, and the TEP effort could be reduced.
Intermittent difficulties, problems with conditioning equipment or
network hardware would not be detected. A TEP program still would

be required, but could be resized, retimed, and generally used in

other than a rote periodic link assessment.
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VI Theoretical SNNPR Curve Validation
It obviously would be desirable if all 'like new' links

had the same SNNPR curves. A survey was conducted of NPR curves

T

for four types of properly aligned microwave and tropo radios

3 including both tube and solid state hardware. Fig. VI -1 portrays

typical 'good' results. At baseband loadings 10 db below full

load, the maximum spread among the radios is # 1 db. At full

T ek N

load the spread is zero because of the curves selected to be 55
db NPR. At 5 db higher than full design load the spread is #* 5db.

It is interesting to compare this TEP measurement data with

theoretical curves, see Figure VI -2. At loadings 10 db light, the §
spread is + 1 db. At loadings 5 db above full design load, the 3 §
spread is # 4 db when the 2nd, 3rd, and 4th order product IM dist- i 1

|

ortions are included. A properly designed and aligned radio should

I A T o YV SV

have no significant products above 3rd. Clearly, several of the TEP
measurements indicate improper alignment by the evident higher order
products.

: Theory and practice-on properly, or nearly properly aligned
radios- generally does agree at least for the lightly loaded to

full load portion -- the portion of most interest to DCA. Consequently,
it should be possible to use a standard 55 db NPR curve that would

be useful for all radios. DCA has but to agree that a reasonable

and achievable standard would be "no IM products above 3rd order"
measurable at any baseband loading from no noad to +3db above full
load. The 3rd order distortion NPR curve would be used for the
construction of the SNNPR curves. These 3rd order curves would be
universally applicable and also would produce operationally acceptable
radio performance. Figure VI -2 displays a 'standard' 3rd order radio

NPR curve. As can be seen the shape of the curves is not significantly

different from those previously used in this document.

There is one point to be examined and emphasized, however, and
that is the radio BINR. If the radio is correctly designed and
matched to the bandwidth being used, etc., then the BINR must be
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3 db quieter than the NPR at full baseband loading. An NPR

of 55 db requires a BINR of 58 db. (The BINR is 58, the inter-
modulation is 58 db, and the combined BINR + IM produces an NPR
of 55 db)

The standard NPR in the DCS, as extracted from the tech
order data, is routinely stated as 55 db. Most people accept
this performance criteria as a maximum without question. 1In
fact, it is a factory minimum performance lever only! The tech
order fails to specify the BINR value. TEP report examination
disclosed no well maintained radios in general use in the DCS
that did not have BINR measured values in the 60s, and this included
both tropo and microwave hardware. The significance of the 60+ ‘
db BINRvalue is evident when the generation of the NPR curve is
recalled. The NPR curve maximum value occurs where the idle noise
and the intermodulation noise are equal. Thus the NPR must be
3 db less than the idle noise value at full load. Since all radios,
when properly maintained, have BINR values in the 60s, the proper
NPR must be 57 db or better. Some of the later solid state
equipment achieve a BINR of 64 to 65 db. The associated NPR then
must be 61 ' 62 db. There facts were demonstrated during this
Collins FRC-162 test.

Figure VI -3 shows the Collins FRC-162 'normal' alignment

from Figure II-6, and the 'premium' alignment from Figure II-8
plotted on one graph. It is clear that the BINR is fixed regard-
less of the alignment condition, and is a radio design matter.
Any deterioration in BINR is related to noise from degrading
components--normally bad capacitors, or induced noise currents from
poor cabling. Since the NPR must peak 3 db noiser than the BINR-IM
intersection, the best possible NPR must be 61.8 db. The ‘'premium'
alignment achieved was 60.2 db and was within 1.6 db of maximum
achievable.

This discussion is not to extol the excellence of the test
alignment, Rather, it is to show that if NPR values of 55 db are
senumed, then the BINE should be 58 db. If BINR values are accepted

wtumlly measured in the field at 60 to 65 db, then the 'like new'

62 M. The tech orders, the field maintainers,
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and the TEP teams, however, have been trained to regard 55 db NPR
as perfect and to strive no further after this goal has been achieved.
Actually little operational gain is observed directly by NPR values
above 55 db, although the stability of the adjustments is signif-
icantly improved and time between adjustments is greatly extended
by such 'premium care alignment.

All of this discussion may be technically interesting, but
it is of very practical import. The shape of the NPR curves in
Fig.VI -4 for NPR values of 61 and 62 is not much different, and
are displaced from each other by about 1 db. This difference
would not be operationally significant. The curves at NPR values
of 60 and 55 db with a BINR of 64 db, however, is very different.
The 60 and 55 db curves are 3 to 5 db displaced over the DCS base-
band loading range of values.

In order to arrive at a 'standard' like new set of curves,
not only an average BINR, but also an average NPR value must be
selected. Recounting, NPR/BINR numbers of 55/58 are reasonable
from an NPR standpoint, 61/64 are reasonable from a BINR viewpoint.
The selection of a 55/64 pair is troublesome to plot and use
accurately. The author had accepted a value for BINR nearly always
met or exceeded in the field of 61 db. For operational reasons, and
bowing to technical convention and habit, an NPR value of 55 db was
selected. Thus there is some accommodation of a true 'like new’

'standard' radio curve to match 55 db with 61 db, but the deviations

are reasonable. These variations from theory are acceptable, and the

1 to 2 db difference is nearly obscured by the BINR noise of the mux

when the radio and mux curves are combined to produce the link

A curve. Thus the practical impact of the compromise 55/61 db oper-
ational radio SNNPR curve is % db or less uncertainty.
Figures VI -5 and 6 complete the radio SNNPR curve construction.,

The multiplex IM curve is portrayed in Fig. VI =7. The Mux BINR is

a very important parameter, but is rarely, if ever, stated. A survey
of a number of TEP reports discloses that at light baseband loadings,
link idle channel noise readings of =70 dbm@ or quieter are acheived.
(-71.5 dbmC@P) on at least a few of every mux type examined. Thus,
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~70 dbm@ would be achievable for a 'like new' standard. Another
approach to deciding the mux BINR standard starts from the loaded
noise numbers that are available. One (and only one) manufacturer
states that the full load per channel idle noise of his mux is 200 pwp.
(-65.5dbm@), and that the mux BINR is at least 3 db quieter. (-68.5 dbmf)
Splitting the difference would give a figure of =-69.25 dbm@ or -69 dbmd.
This is the BINR used to construct the 'standard' link SNNPR,

The final theoretical standard link SNNPR curve is portrayed in
Figure VI -8. Ther: is a point of importance portrayedin Figures

VI -8 and 9. At light loading, the Figure VII-8 DCA loading SNNPR

curves are spread more but have slightly noiser idle channel noise
at light loading than the Figure VI -9 CCIR loading curves. This is
because the DCA -10 dbm@ per channel loading causes the multiplex

addition. The DCA loading approach places nearly equal emphasis
upon the mux and radio BINR. The CCIR loading gives prime emphasis
to the mux BINR. The mux curve shape is identical in both cases.
The assumed multiplex BINR of -69 dbm@ is overlayed on the DCA SNNPR
radio curves at 59 db NPR. The same -69 dbm@ is placed on the CCIR

curve to be offset 5 db from the CCIR mux curve position during
: radio curve at 54 db NPR. Thus, there must be two link 'standard’
: curves, one for DCA design baseband loading, and one for CCIR designs.
| The final proof test of any performance assessment approach
| is the accuracy with which operational data correlates. Figure
VI ~10 is the CCIR SNNPR link curve derived from theoritical
information. The two sets of CCIR operational TEP link data
previously plotted in Fig. V-5 and 11 are entered. As can be seen,
with one exception, the Philco LC-4 data correlated well. The one
exception is off less than 1 db. The Siemens-Halske data partially
checks, but the actual idle channel measured performance is 0 to 1%
db better than the measured NPR would indicate.

This is not difficult to explain. The following table shows

the radio and mux BINR and the resultant link noise floor.

i
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Link BINR
Noise Floor

Radio BINR Mux BINR
Theory Assumed 61 db -69 dbm@ -68.2 dbmf
1C-4/8 Measured 61 db ~70 dbm@ -69.0 dbmf
Siemens-Halske Measured 64 db =71 dbm@ -70.4 dbmf

It would be expected that the LC-4/8 data would check since the
measured BINR figures agree to less than 1 db with the assumed
numbers in the theoretical SNNPR curve representation. The Siemens-
Halske measured performance was 3 db better in the radio and 2 db
improved in the mux. The resultant link noise floor is 2.2 db quieter.
Thus the 1 to 2 db offset in the Siemens-Halske measured performance
validates the theoretical curve construction, but leaves a 1 to 2 db
resultant operational extrapolation error.

Thus a problem is posed. There is an operationally acceptable
rational. It is true that some older radios probably would require
considerable work to achieve BINR values much better than 61 db.

The operational gain is a fraction of a db-clearly not worth the effort.
The multiplex BINR is more important, and accounts for the bulk

of the link noise floor at light baseband loading. The quieting

of a mux results in almost a db for db gain. If the mux BINR were

-60 dbm@ it would obviously be operationally useful to quiet it, If
the mux BINR were -69 dbm@, it would not be worth the effort to
achieve the remaining db or two achievable. Therefore we are left
with the original dilemma. The theoretical curve cannot accurately
represent all DCS data. The solution has already been portrayed in
the theoretical curves. Radio BINR of 61 db is reasonable and achiev-
able. Mux BINR of -69 dbm@ is reasonable and achievable, Link

noise floors quieter than -68.2 dbm (-69.7 dbmC@P) achieve little
operational gain. Therefore, standardization is made on the 61 db

and the -69 dbm@ numbers and the resultant SNNPR link curves,

Most links will perform 'like new' quite closely to the theoretical
curves. Those few links where the hardware is quieter than the
theoretical standard are permitted 1 to 2 db degradation in NPR or

1 to 2 db increase in BINR without any management recognition of the
deterioration. This is not a matter of operational concern since

the 1 or 2 db degraded performance is still 'like new' on most links

and no operational degradation is observable.

78




B T T .

L - IA "Bty

gugp Suipeot puegaseg
m_p oL

(H=S) 00F W3 @—o
(H-S) 0006 Ki +——+
99/ MU 9 ——0
odod) £-3¥71 4—2
(Away) =07 omm—me

soipey |euoijeaad) ,pooYy, wiosy
S3AUN) YdN P33 8S

- 0¢

- 0€

2

=05

=09

0L

ap ddh




B S AL 1S G AN AT i A i P15

2 - IA "Bt4

gugp burpeoq puegaseg
0¢ m__ oL

R : PRRPET. AT RIS MM W I o o R A g~ Pt

10
~od

UOLIA03SL({ UOLIR[NPOWAIIU] 43PAQ
SNOLABA UILM SBAUNT Y4l

43paQ

Ui ™\

43p4Q
pag

UOLIAO0YSL] 43p4 o
" Q 43p40 PiE

I~

NG

UOL3J03SLQ 4BPUC Yip
48paQ
puz ”

~
B

UOL3403SLQ 43PUQ Puz

Kaoay]

FENTTRLFUENPYS -~

e .'_:..'-,;e“'.-ff'.
(=]
~N

!G’fxﬂ' 4
8

P YdNh

— e
(=]
<

1P
pug
puz

=08

- 0L

80




PRI

.y

NPR db

BINR

65
3 db
‘ FRC-162
~ Theoreh cally Perfect
NPR Curve
55+ \
FRC-162 NPR after
Premium Alignment \
50- \\\
45 =
b FRC-162 NPR after
\ 'Normal' Alignment
40+
Progression of NPR Curve
35 as Alignment is Improved
L]
5 10 15 20 25

Baseband Loading dbm@
Fig. VI -3
81




v - IA "bLd
gugp buipeoq pueqaseg
& 52 0z 51 oL s :
1 ' | ) A - -l
\ 1
abuey peo7
PuEGoSq |BMON g >
$90 \\\\\\ ) 1
e \u'

¥9 UNIE

w9 qO.g
UOL3®|3440)-UOK YdN-YKIE

=09

-89

82




G - I\ "6L4

guo~ Huipeoy puegaseg

om-g
oy 0ot 02 ol 0 e ot
0¢- | 1 :
o
B
E Lo
[T -]
83
el -0l
ﬁow
-0€ i
buLpeo] 7 :
[3uuey) 434 L
- 05
=09
1 @ 19 = UNIE b
gp SS = YdN
: 5 ,M3N 9411, ,p4epuels, e
: ddN 3O UOLSU3AUO) - 08
06
E |
1 001
| 19 = UNIS




9 - IA "6y

@gugp buipeoq puegaseg
02 mh

ada

Qi

S9AUN) YdNNS

UOL3R; :POWMIIU] 4BPU(Q PAE

02

=~ 0

=0V

ﬁom

dNIg olpey

3AUN) YdWNS OLpeY 43pJQ PaE
: ® 19 YNIg oLpey

09

0L

apP Ydt

84




L - 1x *BLd
gugp bHurpeo pueqaseg
SZ (074 Sl (0]
} [ 1
0€ - - 02
gugp 69- = YNIS XNW
8 | 3AUN) ISLON Xnj| pJepueis,
- -
| m ->
! — L
W o =
(@] o
= o
S
® 05 ~0F 2
A
o
Iy
1
o
o
209 - 0S
w>.§u 93 1500Wo)
‘!
0L UnNI1g =09
uoL3eNPOWM3dIU]

R




8 - 1A b4
gugp butpeo puegaseg
8¢ om Sl ok
R
0€ — -0z
ot
uoL3403sLq 43p4Q P4
o S9AUN] YdRNS
JMBN 917, PABPUE]S
_Ov— BuLpeo] yIQ -0¢
a 17
™
()
o 09
3
3
®,064 SS =0t o
o == 0
a =
a &
&
33
=094 i
.04 09
gwagp 69- uNIE XNy
qp 19 YNIg oiLpey
CL




Gy

TP T A A R T D s

6 - In b4

guqp BuLpeoq pueqaseg

02 0¢ Gl ol
] | 4
- 0¢
0 S€ UOL]A03SL 4BPIQ PAE
ov S9AUN) YdNKS
& M3\ LT, PpABPURYS
5 -0€
= e butpeo] Y132
Q
o
3059 s
&
= fss
o
>.
(¢
=3
0L =

gwgp 69- UNIG  XNW
Gp 19 YNIG OlpeY

e —




0L - 1A "Bty
Jugp HuLpeo puegaseg
5¢ sl
G % e e
S3AUNY YdKNS LeDd132409y) 340 '
ge uoLjepL|ep [eudLjeaadg
i 4129
ov

= (F
St ;
°
=
g

Gugp 9SLOK |dUuRL) 3(P]

= 09

- 0L




-AD-1056 587  STATE UNIV OF NEW YORK AT BUFFALO AMHERST DEPT OF ELE==ETC F/G 17/2.1
; TEST VALIDATION OF EQUIVALENT FULL LOAD IDLE CHANNEL NOISE CONC==ETC(U) .

JUN 78 R L FEIK F30602=75=C=0122

UNCLASSIFIED RR=3-78 _ RADC=-TR=78=125 NL
2 OF 2 E N D
N-‘ BS87 Frlllnll'lili
. 8-/8

DDC




VII Conclusions - .

1. The basic conclusion is clearly that the SNNPR and
Equivalent Full Load Idle Channel Noise estimation concept
is both theoretically sound and operationally practical.

2. The operational application of the SNNPR céncept is simple
whether the distortions are amplitude or phase related: There
are no errors introduced from either class of degradation’
alone or in.combination,.assuming only that the sampled audio
channels.-are distributed somewhat across the whole baseband.-

3. The operational accuracy in the special test was generally -
less than # 2 db for estimating the radio NPR,* and for extrap-
olation to the full load ICN,. ' The accuracy in the TEP report
examination was even better where the radio NPR and mux BINR
are specifically extracted and .combined.. The only exception ;
is where the BINR is, excessive. In these cases, normally a,
noisy multiplex, the NPR degradation: is over estimated.

4. The theoretical SNNPR ‘curve , universally applicable to

all normal microwave links, give accuracy within % 2'db for most

cases and +3, -2 db on all examined specific TEP reported links.,

5. The SNNPR concept is much more accurate than the DCA PMP
reporting program, and gives results usable and reliable for
precise management addressment. This new approach clearly
highlights the degraded links even when the baseband loading
is very light. It also avoids the problem of making PMP
measurements at specific hours when tech control loads may

be very high.

6. SNNPR and extrapolated ICN approach does not produce
absolutely precise results when the BINR if excessive, but the
SNNPR always detects the degradations, and the errors are
reasonable. The PMP program in contrast fails to detect
deteriorations if the baseband loading is light - and
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underloading is normal., The, the PMP program reports always
underestimate the true degradation status of the link, and
subsequent failures, and network problems are a surprise to
the DCS.

7. The PMP program was a major step forward for the DCS in
1970, when first evaluated. The SNNPR concept is as precise
as is warranted for the FDM-FM DCS and certainly is the proper
and suitable approach for 1978.

8. The above study and TEP test data described the obser-
vations that are specifically true for the Collins FRC-162
test, the Siemens anpd Philco radios, and as proved by the

theoretical study, true for all FM radios.

9. - There have been numerous questions raised as to whether
the PMP program, diminishes or eliminates the need for the
TEP program. Clearly PMP has found some troublesome links
without the TEP. The SNNPR will come very near to removal
of the routine TEP assessment of most links, although use

of the TEP approach to resolve and correct difficuylties will

still be required,
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VIII Recommendations

A SNNPR vs PMP

1.
the

Since the field test and the TEP report analysis substantiate

basic accuracy and relevance of the SNNPR concept, it

would seem appropriate to conduct a geographically limited

field tiial. The necessary SNNPR data could be generated from

the

specific NPR curve or using the theoretical 3rd order

distortion NPR curve. The SNNPR curve can be subsequently

validated as a part of the routine TEP effort.

2.

B TEP

Obviously, a region likely to remain relatively undisturbed
by major overbuilds would be desirable. Clearly, some links
that are marginal or troublesome while still staying PMP
Green, should be included. The extent of the test region

should be large. enough to include 25 + links.

‘The concept should be examined by the field personnel who

would use’' the data to guide the maintenance ‘activities, and

‘by local managers to identify problems needing O&M attention.

The results must ‘also be investigated by higher level 0&M

and DCA managers to assess how well the SNNPR concept sur-
faces problems that have escaped detection by the PMP pro-
gram. For a period of perhaps three months, these 25+ links
should report in both PMP and SNNPR terms. At the end of

the .test period, a review of the results on an absolute basis,
and also as contrasted with the PMP can decide the future
course of the SNNPR concept.

Usage

In parallel with the'above effort, the SNNPR cbncept should
be inserted into the TEP program fof'assessment of the link
upon arrival at thé site and prior to any repair or align-
menﬁ. It should also be used as described in the ‘'Technical
Evaluation Program Evaluation and Restructuring' Report
prepared for DCA by the author to validate and correlate the
TEP report data.
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2. It is self evident that the measured SNNPR data on all
radio types would be useful if only to validate and refine the
derived curve. TEP teams in future tests should conduct a
standard NPR test, and additionally should perform a SNNPR
test at several amplitude degradations, such as 55{or 3 db
below BINR) 45 and 35 db. The full set of degraded curves
would not be téquired, but the curves should be conducted

at all frequency slots, and at all baseband loading points
enabled by the test equipment. This test should be performed
only after peak alignment of the hardware.

3. One SNNPR curve should be conducted at 55 db NPR/SNNPR
radio conditions over the radio path. Thus, all those mal-
alignments in the radio waveguide, antenna or path are integ-
rated and portrayed. Since no distortions should be present
in the 'like new' test, any spread of the frequency slot
curves would show phase distortions in the link, and immed-
iately identify problems otherwise noted only by rather
sophisticated analysis of the noise across the baseband.
This: is not possible through the mux until the phase dis-
tortions are quite large.

4. Similarly, a SNNPR curve for each class of multiplex
should be conducted to refine the theoretical curve. These
mux curves need not be reconducted again either in the lab-
oratory or in the field. Once the curve for eachltype mux
has been recorded, only the proper composite top quality
mux intermod and BINR would be used to construct the link
SNNPR operational curves. The BINR of the mux only should
be checked during the link outage, since this identifies
needed hardware repaif, and locates high station or cabling

noise.
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RADC plans and conducts research, exploratory and advanced
development programs in command, control, and cosmunications
() activities, and in the ¢ areas of information sciences
and intelligence. The principal technical mission areas
are communications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, intelligence
data collection and handling, information system technology,
ionospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility.
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